We consider the phase transition in a model which consists of a GinzburgLandau free energy for superconductors including a Chern-Simons term. The mean field theory of Halperin, Lubensky and Ma [Phys. Rev. Lett. 32, 292 (1974)] is applied for this model. It is found that the topological mass, θ, drives the system into different regimes of phase transition. For instance, there is a θ c such that for θ < θ c a fluctuation induced first order phase transition occurs followed by a second order phase transition with further decreasing of the temperature. On the other hand, for θ > θ c only the second order phase transition exists. The 1-loop renormalization group analysis gives further insight to this picture.
I. INTRODUCTION
The Ginzburg-Landau (GL) theory of superconductivity [1] describes very well the phenomenology of conventional superconductors. It is believed that a similar phenomenological theory can be applied to the study of the High temperature superconductors (HTSC). An important feature which makes the GL theory for HTSC reliable is the fact that the critical region in these materials is larger than that of the BCS materials. However, the GL theory neglects the fluctuations of the order parameter which are very important in the HTSC. Consequently, the exponents of the HTSC phase transition differs from the ones given by the GL theory [2] . Theoretically, the fluctuations can be taken into account through the use of renormalization group techniques to study the behavior of the theory in the neighbourhood of the critical point [3, 6, 7, 13] . Another possible path to study the effect of the fluctuations is to compute further corrections to the free energy functional in a systematic way by performing a loop expansion [8] . It has been suggested that there exists a fluctuation induced first order phase transition in superconductors and smectic-A liquid crystals [3] . This kind of behavior is easily obtained through the mean field theory of Halperin, Lubensky and Ma (HLM) [3] . This mean field theory relies on the observation that the free energy functional is quadratic in the gauge fields which allows for a straightforward gaussian integration [5, 20] . For an uniform order parameter, the resulting effective free energy exhibits a pattern characteristic of a first order phase transition. The renormalization group (RG) analysis gives further insight in this picture. The ǫ-expansion performed up to 1-loop order in a N component model has typically three fixed points, namely, the Gaussian fixed point which describes the mean field behavior of the uncharged model, the Heisenberg fixed point which is uncharged and describes for N = 2 the λ transition in Helium and the superconducting fixed point which is associated to the superconducting phase transition. Nevertheless, the superconducting fixed point is physically inaccessible for N < 365.9 [3] . This fact has been interpreted as a confirmation of the first order phase transition in superconductors since in this case N = 2. Calculations performed up to 2-loop order does not change this behavior [6] . The existence of this kind of phase transition has been confirmed experimentally in liquid crystals where a GL like Hamiltonian is used [4] . For real superconductors, however, we expect a wek first order behavior only for good type I superconductors. For type II superconductors a second order behavior is expected and the prediction of a first order phase transition in this case [3] seems to be an artifact of the ǫ-expansion [20] .
In this note we shall study a generalization of the GL model where a HLM like mean field theory exhibits both first and second order phase transition behavior, depending on the physical range of the parameters. The model consists of an usual GL free energy functional where a topological Chern-Simons (CS) term has been added [9] . Topological models are frequently employed in the construction of quantum models for HTSC which explore the effects of statistical transmutation (anyon superconductivity) [10] . Here we investigate the effect of such a topological contribution in a macroscopic model which generalizes the GL model. The resulting mean field theory is such that the topological mass, θ, acts as a physical control parameter which interpolates between first and second order phase transition regimes (in this paper we assume, for simplicity, θ ≥ 0, though this is actually not necessary). This crossover between first and second order behavior is characterized by a critical value of the topological mass, θ c . For θ < θ c we have both first and second order phase transition while for θ > θ c the system undergoes a second order phase transition. The perturbative evaluation of the RG functions up to 1-loop order is consistent with this kind of mean field behavior. It is obtained that the superconducting fixed point is not accessible for a certain range of θ while it becomes accessible for another range of θ values. The anomalous dimension for the scalar field shows an explicit dependence on the topological mass. A similar behavior is obtained in the CP N −1 model with a CS term in the context of the 1/N expansion [11] . However, this case does not corresponds to a genuine GL model since a kinetic term for the gauge field is absent. See also ref. [12] for related work in a Maxwell-Chern-Simons scalar QED including a |ψ| 6 term.
II. MEAN FIELD THEORY
Our starting point is the following free energy functional,
where r 0 = a 0 (T − T 0 )/T 0 and θ is the topological mass. The partition function is given by
Since F is quadratic in the vector field, the integration over A is Gaussian and can be performed exactly. For an uniform ψ this defines the following effective free energy density functional:
where the calculations were performed in the the Landau gauge and the functions M ± are defined by
The parameter r 0 has been renormalized to r = a(T − T c )/T c . When θ = 0 Eq.(3) reduces to the effective functional obtained by HLM. The critical temperature T c is the same as in the HLM paper. By varying the free energy we obtain, in the most general case five extrema, two of which are global minima (at the transition point there are three global minima). This is a typical situation of a system which undergoes a first order phase transition. As the temperature is varied from the completely symmetric case, it develops two global minima with the origin being a local minimum. The other two extrema corresponds to local maxima. We have the following phase transition scenario in this model. As the temperature is decreased, the system develops a first order phase transition with a θ-dependent critical temperature given by
Further decrease of the temperature produces a second order phase transition with critical temperature
Indeed, the order parameter susceptibility diverges for T = T c 2 . When θ = 0 both critical temperatures coincide and we have only a first order behavior. In fact, this limit corresponds to the HLM mean field theory. An immediate consequence of the above result is the existence of a critical value of θ which vanish T c 1 . This critical value is
This means that for θ ≥ θ c only the second order phase transition occurs. Thus, the introduction of the CS term in the GL model implies a very peculiar critical behavior. The topological mass drives a crossover between a first and a second order phase transition. This is an expected result since for very large values of θ the gauge modes decouple from the scalar modes and we have in this case the limit of a O(2) theory which describes the λ-transition in liquid Helium. Therefore, a crossover region is expected to exist characterized by some critical value of θ. We shall see in the next section that the effect of the critical fluctuations does not change essentially this scenario, though some improvements are necessary. The mean field theory discussed in this section is appropriate to describe good "type I" topologically massive superconductors.
III. FLUCTUATIONS OF THE ORDER PARAMETER AND RG FUNCTIONS
Up to now we have taken into account only the fluctuations which arise from the gauge degrees of freedom. To proceed let us investigate the effects of the critical fluctuations. These are obtained at lowest order by computing the one loop correction arising from the fluctuations of the order parameter. The corrected free energy density is given by
from which we get the corrected inverse susceptibility for T > T ′ c 2 , T ′ c 2 being the new critical temperature for the second order phase transition:
In the above equation we have replaced r 0 by r
1−loop since the error involved is beyond one loop order. The critical temperature for the second order phase transition is
Thus, the critical fluctuations have the effect of lowering the critical temperature. However,
(θ) and therefore the topological term increases the degree of order with respect to the standard GL model. This effect is better elucidated if one uses Eq.(6) to rewrite (11) as
where we have chosen to measure θ in units of Λ, that is, θ = Λθ. From Eq. (12) we see that the effect of the critical fluctuations can be supressed by the topological mass. In fact, if u 0 = 2q 2 θ we have T ′ c 2 = T c , the same critical temperature as for the ordinary HLM mean field theory (that is, without the CS term). Thus, the topological term acts as a factor which compensates the disorder introduced by the critical fluctuations. By attributing typical BCS values to both q 2 and u 0 in Eq. (12) we get that θ = u 0 /2q 2 ∼10 −2 in order to suppress the effects of the fluctuations of the order parameter on the critical temperature. Since for a typical BCS situation u 0 /2q 2 ∼10 −2 we may have θ such that θ >> u 0 /2q 2 and T ′ c 2 ≈ T c 2 , the temperature for the second order phase transition in the mean field theory. Therefore, in a topologically massive GL model the fluctuations arising from the vector potential A dominates over the fluctuations of the order parameter.
The critical behavior can be also analysed through renormalization group (RG) techniques. The case with θ = 0 was already analysed by many authors [3, 6, 7, 13] . The RG study in the ultraviolet limit was carried over in the case of Chern-Simons scalar QED without a self-coupling of the scalar field and show a trivial behavior of the Chern-Simons coupling, at least in the context of perturbation theory [14] . We are interested in the infrared behavior and, therefore, the ultraviolet cutoff is kept fixed. We shall work with Wilson's version of the RG in its perturbative form [15] . It consists in formally integrate out the so called fast modes for the gauge and scalar fields and perform appropriate rescaling of the momenta variables and fields. This amounts in introduce the corresponding anomalous dimensions. Although the presence of the infrared cutoff spoils gauge invariance, it can be shown that the infrared cutoff introduces an anomalous contribution to the Ward identities which is well controlled at every scale of momenta [16] . In fact, many studies using Wilson's RG are being performed in gauge theories [17] .
We consider the RG functions up to 1-loop order. The flow equations are better expressed in terms of dimensionless variables defined through r = Λ 2 r, u = Λu, f = q 2 = Λf and θ = Λθ. The result, obtained by standard methods, is given by
where the anomalous dimensions for the scalar and gauge fields are given respectively by
and
There is no flow for the parameter θ as expected perturbatively. From the above flow equations it is readily seen that all critical exponents will depend on θ. Therefore, the parameter θ drive the system into different universality classes. The fixed point structure is well known for θ = 0. It is found that the superconducting fixed point (r * , u * , f * ) has a complex value for u * if the number of components of the order parameter is less than 365.9 [3] . This behavior is usually interpreted as indicating a first order phase transition driven by fluctuations.
However, this behavior is changed for values of θ > 0. In this situation, real superconducting fixed points are found which exhibit a stable infrared behavior in the plane f − u. There exists a critical value of θ which separate the regimes of first and second order phase behavior. This picture is consistent with the mean field analysis for a certain range of temperatures. Strictly speaking, for θ < θ c the RG result is consistent with the mean field theory in a range of temperatures around T c 1 which does not include T c 2 . For θ > θ c the RG result is expected to cover a wider range of temperatures since in this case an infrared stable fixed point is found and the mean field solution predicts only the second order phase transition. The computation of the RG functions should be further improved in order to detect an infrared stable fixed point also for θ < θ c . From the point of view of the RG formalism, the correct picture which describes the crossover between first and second order behaviors is the following. The first order behavior must be described by a tricritical fixed point whose flow in the plane f − u is such that it is infrared stable in one direction and unstable in another one. The second order behavior is described in the usual way, that is, by an infrared stable fixed point. For θ < θ c , the crossover between the first and second order behaviors is then described by the RG flow in the region between the tricritical and second order fixed points. The tricritical fixed point must be such that it disappears for θ > θ c . Unfortunately, the perturbative RG formalism seems to be insufficient to describe correctly this scenario, even if we resort to a higher loop approximation. It is necessary to employ in this case non-perturbative methods such as Padé-Borel resummations [6] or the formalism of exact RG of ref. [7] .
IV. CONCLUDING REMARKS
We have shown in this work that the introduction of a Chern-Simons term in the Ginzburg-Landau free energy changes the mean field behavior with respect to the conventional situation. The crossover between different critical behaviors is manifested due to an explicit dependence of the critical temperatures on the topological mass. Since the topological contribution to the free energy has the tendency to stabilize the critical fluctuations, it happens that the resulting crossover remains even when we compute the fluctuations up to 1-loop. This behavior is manifested in the RG functions where we can find values of θ for which an infrared stable fixed point can be found. Thus, the 1-loop fluctuations does not change essentially the mean field picture, at least for a certain range of temperatures. However, it is important to perform non-perturbative calculations (Padé resummations, exact RG [6, 7] ) in order to get further insight on this scenario. This will be the subject of a further study. Nevertheless, the approximations performed in this work should be appropriate for a description of a good "type I" topological superconductors. In the present approach there is no flow for the topological mass but it may happen that it has a flow in some regimes. Recent work in the topological CP N −1 model demonstrate that the topological mass flows [11] , in contrast to the suggested perturbative behavior where it has been shown that this beta function vanishes [14] .
We can ask about the experimental relevancy of the proposed model. Probably, the model is not very relevant to the study of critical properties of conventional superconducting materials. However, it is possible to be useful for the study of liquid crystals or HTSC. For example, the CS term can be used to introduce new properties for the director field (the gauge field in the liquid crystal language). We hope that this work can estimulate new experimental research in the field and theoretical investigations as well. 
